The interleukin-1b-mitogen-activated protein kinase (MAPK) and NF-kB signaling pathways are involved in the pathogenesis of rheumatoid arthritis. Ebosin, a novel exopolysaccharide (EPS), exhibits anti-inflammatory activity in rat collagen-induced arthritis by suppressing the production of tumor necrosis factor-a, interleukin-6 and interleukin-1b. The aim of the present study was to assess the effects of ebosin on NF-kB and MAPK signaling pathways mediated through interleukin-1b in rat fibroblast-like synoviocytes (FLSs). Western blotting showed decreased production of phosphorylated p38, JNK1, JNK2, IKKa, IKKb and IkB in the cytoplasm and NF-kB in the nucleus upon ebosin treatment. The DNA-binding activity of NF-kB in the cell nucleus was also inhibited by ebosin treatment, as demonstrated using an electrophoresis mobility gel shift assay. Analysis of the results of the immunofluorescence assay also showed a reduced amount of NF-kB in the nucleus of cells affected by ebosin. These results provided evidence for the effects of ebosin on both interleukin-1b-mediated MAPK and NF-kB signaling pathways in rat FLSs. In addition, enzyme-linked immunosorbent assay demonstrated that ebosin reduces the levels of matrix metalloproteinases MMP-1 and MMP-3 and the chemokines, interleukin-8 and RANTES. Thus, the results of the present study provide further evidence for understanding the medicinal activity of ebosin at a molecular level, therefore nominating this EPS as a potential therapeutic candidate for the treatment of rheumatic arthritis.
INTRODUCTION
Rheumatoid arthritis (RA) is a chronic polyarticular inflammatory joint disease that eventually causes the destruction of cartilage and bone.
1 Proinflammatory cytokines produced in fibroblast-like synoviocytes (FLSs), such as interleukin-1b (IL1b), play a key role in the pathogenesis of RA. Antagonists to the IL-1 receptor (IL-1R) have been demonstrated to be effective in ameliorating RA during clinical studies. 2 Upon binding to IL-1, IL-1R heterodimerizes with the accessory protein IL-1RAcP, which then binds to the adaptor protein MyD88 (myeloid differentiation marker 88). MyD88 recruits the IL-1R-associated serine/threonine kinase, IRAK-1, which subsequently interacts with TRAF6, a tumor necrosis factor receptorassociated factor for the activation of mitogen-activated protein kinase (MAPK) pathways and the transcription factors AP-1 and NF-kB. Additional pro-inflammatory cytokines produced by these pathways mediate joint destruction. 3 Based on the current knowledge of the signal transduction mechanisms and gene regulation involved in inflammation, MAPK signaling pathways have been considered to be molecular targets for anti-inflammatory therapy. The p38 MAPK and JNK pathway inhibitors have attracted much attention, as these molecules reduce both the synthesis of and intracellular signaling of pro-inflammatory cytokines. 4 Transcription factors play key roles in RA processes, leading to cartilage and bone destruction. 5 An anti-inflammatory therapy that inhibits NF-kB signaling has been well-recognized. 6 Lee et al. demonstrated that guggulsterone suppresses NF-kB activation in FLS and block the inflammatory responses mediated through IL-1b.
peptide on inhibiting IL-1b-induced NF-kB, JNK and p38 MAPK activation in FLS. 8 Ebosin, a novel exopolysaccharide (EPS) comprising rhamnose, fucose, arabinose, mannose, xylose, glucose, galactose and galacturonic acid, was isolated from the fermentation culture of Streptomyces sp. 139 9 and shown to significantly suppress the development of rat collagen-induced arthritis (CIA). 10 The remarkable anti-inflammatory effect of ebosin on CIA is mediated through the inhibition of IL-1b, IL-6 and TNF-a production at both transcriptional and posttranscriptional levels. 10 The aim of the present study was to assess the effects of ebosin on IL-1b-mediated MAPK and NF-kB signaling pathways and the levels of matrix metalloproteinases (MMP-1 and MMP-3) and chemokines (IL-8 and RANTES) in rat FLSs.
MATERIALS AND METHODS

Animals
Wistar rats (male, 180 6 20 g, Certificate No.: SCXK 2005-0013) were purchased from the Institute of Experimental Animals, Chinese Academy of Medical Sciences, Beijing. All rats were housed under standard laboratory conditions as previously described. 10 Collagen-induced arthritis (CIA) model Chicken type II collagen (CII, Sigma, St. Louis, Missouri, USA) was dissolved in 0.1 M acetic acid at 4 mg/ml after stirring overnight at 4 uC and emulsified with an equal volume of complete Freund's adjuvant (CFA, Sigma), prepared by adding Freund's incomplete adjuvant to heat-inactivated BGG (bovine gamma globulin, Invitrogen, Carlsbad, CA, USA) at a final concentration of 2 mg/ml. The rats were injected intradermally at the base of the tail with 100 ml of the emulsion. After 7 days, the rats were injected again in the same manner (the first injection was in the right hind metatarsal footpad; the second injection was in the base of the tail). 11 The day of the first immunization was defined as day 0.
Preparation of FLSs and MTT assay
FLSs were prepared and cultured according to the protocol of Zhang et al.
10
FLSs were seeded at 1 3 10 4 /ml onto 96-well plates in DMEM and cultivated at 37 uC overnight. Ebosin (400, 80, 16, 3.2 and 0.64 mg/ml) was added to each well, and the cells were cultivated at 37 uC for 48 h. MTT solution (at a final concentration of 500 mg/mL) (Boster, Wuhan, China) was added to each well, and the MTT assay was performed as previously reported. 10 The absorbance was measured at 570 nm, and the % survival was determined after comparison with the control group.
Isolation of ebosin
The ebosin-producing strain Streptomyces sp. 139 was collected from a soil sample in China and maintained in the China General Microbiology Culture Collection Center (No. 0405). This strain was cultured at 28 uC for 96 h with shaking (250 rpm). Ebosin was isolated from the supernatant of Streptomyces sp. 139 fermentation culture using the previously described protocol. 9 Western blot analysis FLSs were seeded at 1 3 10 5 /ml onto 6-well plates in DMEM and cultivated at 37 uC for 24 h, and various concentrations of ebosin in DMEM (assay for MAPK and NF-kB: 400, 80, 16, 3.2, 0.64, and 0.128 mg/ml; assay for IKK, IkB: 80, 16 and 3.2 mg/ml) were added and the cells were cultivated at 37 uC for an additional 12 h. IL-1b (10 ng/ml) was then added for 15 min (assay for MAPK) or 3 h (assay for IKK/NF-kB). After removing the supernatant through centrifugation (800g, 10 min), the cells were lysed in RIPA lysis buffer (Applygen) at 4 uC for 30 min. The supernatants were collected through centrifugation (12 000g, 10 min), and the protein concentration was identified using a BCA protein assay kit (Applygen). The supernatant of the lysed cells was separated through 12% sodium dodecylsulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and subsequently transferred onto PVDF membranes (Millipore, Billerica, Massachusetts, USA). The membranes were blocked with 5% skim milk in TBS buffer at room temperature for 1 h, followed by washing with TBST (TBS 1 0.1% Tween 20) . The membranes were first probed with antibodies, including rabbit anti-rat phosphorylated (or non-phosphorylated) p38, JNK1, JNK2, ERK, IKKa, IKKb, IkB and NFkB p65 (Cell Signaling Technology, Danvers, Massachusetts, USA), at 4 uC for 12 h. After washing with TBST, the membranes were incubated with secondary antibodies (goat anti rabbit HRP-IgG) at room temperature for 2 h. The proteins were visualized using a chemiluminescent HRP substrate (Millipore). The densities of the protein bands from the western blot analysis were scanned using ImageQuant 300 (GE Healthcare, Pittsburgh, Pennsylvania, USA) and subsequently analyzed using Image J software.
Assays for chemokines and metalloproteinases
The levels of chemokines (IL-8 and RANTES) and metalloproteinases (MMP-1 and MMP-3) were measured using enzyme-linked immunosorbent assays (ELISAs). FLSs were seeded at 1 3 10 6 /ml onto 24-well plates and cultivated at 37 uC for 24 h. Ebosin (80, 16 and 3.2 mg/ml in DMEM) was subsequently added to each well, and the samples were cultivated at 37 uC for an additional 12 h, followed by the addition of IL-1b (10 ng/ml) and further incubation for 24 h. After centrifugation (1000g, 20 min), the supernatant was collected. The total amounts of MMP-1 and MMP-3 in the supernatant were determined using ELISA kits obtained from USCN Life Science Inc (Wuhan, China), while the levels of the chemokines RANTES and IL-8 were quantified using ELISA kits obtained from Boster, Elab.
Preparation of nuclear extracts
The cells were seeded onto 6-well plates (at 1 3 10 6 /ml) and cultivated at 37 uC for 24 h, followed by the addition of ebosin (80, 16 and 3.2 mg/ml in DMEM) and IL-1b (10 ng/ml). After 3
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h, the cells were treated with 0.25% trypsin-EDTA (HyClone, Logan, Utah, USA) and subsequently harvested and centrifuged at 500g for 5 min. After washing with PBS (pH 7.4), the cell pellet was resuspended in ice-cold PBS (pH 7.4) and transferred to a 1.5 ml microcentrifuge tube and centrifuged again at 500g for 2-3 min. The cell pellet was resuspended in 200 ml of cold CER I (cytoplasmic extraction reagent I, Thermo, Waltham, Massachusetts, USA), vortexed for 15 s and then incubated on ice for 10 min. The cells were harvested after centrifugation, resuspended in 11 ml of cold CRE II (Thermo), vortexed for 5 s, and incubated on ice for 1 min. The nuclear fraction was precipitated by centrifugation at 16 000g for 5 min at 4 uC. The supernatants (cytoplasmic extract) were collected and stored at 280 uC. The pelleted nuclei were resuspended in 100 ml of ice-cold NER (nuclear extraction reagent, Thermo), vortexed for 15 s, and incubated on ice for 40 min with shaking for 15 s per 10 min. The sample was then centrifuged for 10 min at 16 000g, and aliquots of the nuclear extracts were stored at 280 uC. The protein concentration was determined using the Bradford method. 12 Electrophoretic mobility shift analysis (EMSAs) FLSs were seeded at 1 3 10 6 /ml onto 6-well plates and cultivated at 37 uC for 24 h. Subsequently, ebosin (80, 16 and 3.2 mg/ ml in DMEM) was added to each well, and the cells were cultivated at 37 uC for 12 h, followed by the addition of IL-1b (10 ng/ml) and cultivation for a further 3 h. To evaluate the effects of ebosin on NF-kB binding to DNA in the nucleus, nuclear extracts from control and treated cells were used in an EMSA. 13 The biotin-labeled oligonucleotide probe was synthesized (Beyotime, Shanghai, China): 59-AGTTGAGGGG ACTTTCCCAGGC-39; 39-TCAACTCCCCTGAAAGGGTCC G-59, containing the k-chain binding site (kB, 59-GGGAC TTTCC-39). An unlabeled oligonucleotide with an identical sequence was also synthesized as a control. A LightShift Chemiluminescent EMSA Kit (Thermo) was used according to the manufacturer's instructions. Specific binding was controlled through competition with a 50-fold excess of cold kB oligonucleotide.
Immunofluorescence analysis
The cells were seeded onto 96-well plates (at 1 3 10 4 /ml) and cultivated at 37 uC for 12 h, followed by the addition of 80 mg/ ml of ebosin in DMEM and cultivation at 37 uC for an additional 12 h. Subsequently, IL-1b (10 ng/ml) was added and the cells were cultivated for an additional 3 h. The cells were fixed in PBS containing 5% paraformaldehyde at room temperature for 10 min and permeabilized in 100 ml of PBS containing 0.5% Triton X-100 for 20 min at room temperature. The cells were incubated with rabbit antibody against NF-kB p65 (Cell Signaling Technology) at a 1:500 dilution overnight at 4 uC. After washing with PBS, the cells were incubated with donkey anti-rabbit IgG labeled with Alexa Fluor 546 (10 mg/ml, Molecular Probes, Eugene, Oregon, USA) and Hoechst 33528 (10 mg/ml, Beyotime) for 1 h at 37 uC under dark conditions. For analysis using fluorescence microscopy, the cells were counterstained with Hoechst 33528 for nuclear staining. 14 
Statistical analysis
The quantitative results presented were obtained from at least three independent experiments, and the data are presented as the mean 6 SD. Student's t-test was applied to evaluate the significance of differences between samples, and P-values less than 0.05 were considered significant.
RESULTS
Effect of ebosin on the production of p38 MAPK Several cytokines (IL-1b, TNF-a, etc.) act as extracellular stimuli of the p38 MAP kinase pathway, which is associated with inflammation and the growth, differentiation, and death of cells. 15 To evaluate the effects of ebosin on p38 MAP kinase production in FLSs, western blot analysis was performed. The results showed that ebosin at dosages of 400, 80, 16, 3.2, 0.64, and 0.128 mg/ml abated the phosphorylated p38 expression levels by 46.74% (P , 0.01), 38.33% (P , 0.01), 29.71% (P , 0.05), 21.37% (P , 0.01), 2.67%, and 1.15%, respectively but had no effect on the production of non-phosphorylated p38 in FLSs at the same dosages (Figure 1a and b) . These results suggest that ebosin has reduces phosphorylated p38 protein levels in FLSs in a dose-dependent manner. No significant effect on cell viability was observed at a test concentration up to 400 mg/ml of ebosin, as determined by the MTT assay (.85% cell survival), indicating that the inhibition of phosphorylated p38 production through ebosin was not mediated by a cytotoxic effect (data not shown).
Ebosin suppresses the expression of JNK1 and JNK2 MAPK JNK is one of the major groups of MAPK cascades in humans, leading to altered gene expression 16 ; therefore, we investigated the impact of ebosin on the IL-1b-induced expression of JNK in FLSs. The cells were treated with IL-1b in the presence of ebosin, and cell lysates were analyzed using western blotting. The results showed that ebosin significantly inhibited the production of phosphorylated JNK1 and JNK2 in a dose-dependent manner. At dosages of 400, 80, 16, 3.2, 0.64, and 0.128 mg/ ml of ebosin, the expression levels of phosphorylated JNK1 were diminished by 83.21% (P , 0.001), 70.22% (P , 0.01), 66.97% (P , 0.001), 44.85% (P , 0.001), 19.06% (P , 0.01), and 6.99%, respectively (Figure 1c) , and the levels of phosphorylated JNK2 were diminished by 73.68% (P , 0.001), 61.99% (P , 0.001), 59.94% (P , 0.001), 52.47% (P , 0.01), 40.77% (P , 0.01), and 26.71% (P , 0.01), respectively. Notably, ebosin did not affect the levels of unphosphorylated forms of JNK1 and JNK2 (Figure 1d ).
Ebosin did not inhibit the expression of p42/44 MAPK (ERK1/2) Similar to p38 MAPK and JNK, p42/44 MAPK (ERK1/2) also participates in protein kinase cascades that play an essential role in the regulation of the growth and differentiation of cells and control cellular responses to cytokines and stress. 15 To examine Figure 1 The effects of ebosin on the MAPK signaling pathway mediated by IL-1b in FLSs. (a, b) Effect of ebosin on the levels of phosphorylated and non-phosphorylated p38, as determined using western blotting. (c, d) Effect of ebosin on the levels of phosphorylated and non-phosphorylated JNK1 and JNK2. (e, f) Effect of ebosin on the levels of phosphorylated and non-phosphorylated ERK (P42) and ERK (P44). These data are expressed as the mean 6 SD from at least three independent experiments. P , 0.001, P , 0.01, and P , 0.05 compared with the control 2 (FLS incubated with IL-1b).
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the influence of ebosin on p42/44 MAPK expression, the cells were treated with IL-1b in the presence of ebosin, and the cell lysates were analyzed through western blotting using antibodies raised against phosphorylated (or non-phosphorylated) p42/44. The results (Figure 1e and f) did not show any effects of ebosin at 400, 80, 16, 3.2, 0.64, and 0.128 mg/ml on either the phosphorylated or non-phosphorylated p42/44 MAPK.
Influence of ebosin on the expression of IKKa and IKKb NF-kB signaling ultimately leads to the activation of the IkB kinase (IKK) complex, which mediates the phosphorylation of the inhibitory IkB protein. The IKK complex comprises the regulatory subunit IKKc and two catalytic subunits IKKa and IKKb. 17 To assess whether ebosin influences the production of IKKa and IKKb, the cells were treated with IL-1b, and the lysates were subjected to western blot analysis. The results (Figure 2a and b) indicated that 80, 16 and 3.2 mg/ml of ebosin decreased the levels of phosphorylated IKKa by 78.13% (P , 0.05), 35 .08%, and 29.79%, respectively, and IKKb by 64.06% (P , 0.05), 30.26%, and 18.11%, respectively, while the production of non-phosphorylated IKKa and IKKb was not affected.
Effect of ebosin on the production of IkBa
IkBs mask the DNA-binding and nuclear localization domains of NF-kB, thereby restricting the migration of this transcription factor into the nucleus. 18 We performed western blot analyses to determine whether ebosin also effects the levels of IkBa expression in FLSs. As shown in Figure 2c , 80, 16, and 3.2 mg/ml of ebosin reduced the levels of phosphorylated IkBa by 41.64% (P , 0.01), 16.97% and 5.36%, respectively, but the levels of non-phosphorylated IkBa were increased by 59.71% (P , 0.001), 55.97% (P , 0.01), and 49.58% (P , 0.01) (Figure 2d ). Because the phosphorylation of IkBa was inhibited through ebosin, the levels of non-phosphorylated IkBa were indeed increased in FLSs.
Inhibition of NF-kB DNA-binding activity through ebosin
To assess whether ebosin affects the specific binding of NF-kB to DNA, an EMSA was conducted using various concentrations of ebosin in vitro. The nuclear extracts of FLSs were prepared as described earlier. Figure 3 showed that 80, 16, and 3.2 mg/ml of ebosin inhibited the specific binding of NF-kB to DNA in a dose-dependent manner.
Effect of ebosin on nuclear translocation of NF-kB
To evaluate the effect of ebosin on NF-kB expression in both the cytoplasm and the nucleus of FLSs, western blot analysis was performed using an NF-kB p65 antibody. As depicted in Figure 2e , 400, 80, 16, 3.2, 0.64, and 0.128 mg/ml of ebosin increased the levels of NF-kB in the cytoplasm of FLSs by 72.13% (P , 0.05), 74.61% (P , 0.01), 65.93% (P , 0.01), 62.94% (P , 0.01), 55.93% (P , 0.01), and 52.76% (P , 0.05), respectively; however, NF-kB in the nucleus was suppressed by 74.38% (P , 0.05), 65.99% (P , 0.05), 50.70% (P , 0.01), 27.98%, 4.08%, and 10.14%, respectively (Figure 2f ). The results indicated that ebosin markedly inhibited the nuclear translocation of NF-kB in FLSs.
To further examine the effect of ebosin on NF-kB translocation from the cytoplasm into the nucleus of FLSs, the cells were treated with IL-1b in the presence of ebosin at 80 mg/ml and subsequently incubated with rabbit antibody against NF-kB p65. For fluorescence microscopy, the cells were counterstained with Hoechst 33528 for nuclear staining, showing that NF-kB translocation from the cytoplasm to the nucleus in FLSs was indeed inhibited through ebosin (Figure 4) .
Suppression of the expression of MMP1 and MMP3
by ebosin NF-kB activation contributes to the pathogenesis of RA by the activation of matrix metalloproteinases (MMPs). 19 MMP-1 and MMP-3 are involved in tissue destruction, as they are detected at high levels in the synovial fluids of RA patients. 20 To examine the effects of ebosin on the expression of MMP-1 and MMP-3 in FLSs, ELISA analyses were performed. As shown in Figure 5a , at 80, 16, and 3.2 mg/ml of ebosin, MMP-1 expression levels in FLSs were decreased by 54.29% (P , 0.01), 42.99% (P , 0.01), and 16.32% (P , 0.05), respectively, and MMP-3 production in FLSs was suppressed by 53.61% (P , 0.05), 20.12%, and 16.49%, respectively (Figure 5b ).
Effect of ebosin on the production of chemokines IL-1b stimulates chemokine production in FLSs. 21 The influence of ebosin on the expression levels of chemokines, including RANTES and IL-8, in FLSs was assessed using ELISA. At 80, 16, and 3.2 mg/ml of ebosin the production of IL-8 in FLS was reduced by 63.05% (P , 0.001), 57.09% (P , 0.001), and 51.96% (P , 0.001), respectively (Figure 5c ), while RANTES expression levels were diminished by 48.53% (P , 0.001), 28.85% (P , 0.001), and 8.39%, respectively (Figure 5d ).
DISCUSSION
As a key process in the host defense system, inflammation is highly regulated, and many diseases, including RA and chronic inflammation, result from the loss of control over this process. 22, 23 Inflammatory responses are varied in different diseases, characterized by a common spectrum of genes and endogenous mediators, including growth factors; inflammatory cytokines, such as IL-1b, TNF-a, and IL-6, chemokines (Macrophage Inflammatory Factor-MIP-1a,b, IL-8); MMPs; and toxic molecules, such as nitric oxide or free radicals. 24, 25 EPSs possess branched repeating units of sugar or sugar derivatives as long-chain polysaccharides, which are secreted into the surrounding environment of the bacteria during growth, 26 and these molecules play vital roles in a variety of biological processes. EPSs, including a range of diverse polymers, also have significant industrial applications, particularly as biothickeners in foods. 27 Notably, the EPSs secreted from lactic acid bacteria essentially contribute to the structure and viscosity of fermented milk products. 28 Certain EPSs also confer health benefits, such as cholesterol-lowering properties, 29 antitumor activity, 30 anti-diabetic activity, and so on. Trichoderma erinaceum DG-312 produced EPSs that exhibited strong anti-inflammatory activity in inflamed mice. 32 Nowak et al. 33 reported that EPS from Lactobacillus rhamnosus inhibits the production of arthritogenic antibodies, thereby suppressing active CIA.
A novel EPS isolated from the supernatant of the fermentation culture of Streptomyces sp. 139 showed an anti-inflammatory effect on rat CIA through the suppression of the production of IL-1b, interleukin-6 and tumor necrosis factor a at both transcriptional and posttranslational levels. 10 In the present study, we further demonstrated that ebosin affects the IL-1b-induced inflammatory responses in FLSs by inhibiting IL-1b-induced MAPK and NF-kB signaling pathways.
The results of the current study indicate that ebosin markedly reduces the levels of phosphorylated JNK1, JNK2, and p38 MAPK in FLSs in a dose-dependent manner. Previous studies 34, 35 have shown that IL-1b-induced p38 MAPK and JNK play critical roles in MMP induction and subsequent tissue destruction in arthritis, suggesting that both p38 MAPK and JNK are valuable therapeutic targets for arthritis. [36] [37] [38] Additionally, these results showed that ebosin does not decrease the levels of p42/44 MAPK (ERK1/2), which play a role in cell proliferation, cell differentiation, and cell migration. 39, 40 IL-1b exerts its primary effects through NF-kB, which is initially located in the cytoplasm complexed with the inhibitory factor IkB in an inactive form. A number of factors induce the dissociation of this complex, presumably through the phosphorylation of IkB, to release NF-kB. Subsequently, NF-kB translocates to the nucleus to mediate gene transcription through interactions at specific DNA recognition sites. 41 In the present study, we focused on the capacity of ebosin to counteract NF-kB production after IL-1b treatment of FLSs. The results showed that ebosin treatment decreased the levels of phosphorylated IKKa and IKKb. In addition, ebosin induced the downregulation of phosphorylated IkBa. EMSA revealed that ebosin inhibits the DNA-binding activity of NF-kB in the nucleus, likely through NF-kB phosphorylation. Furthermore, western blot ana- Figure 4 Effect of ebosin on the nuclear translocation of NF-kB mediated by IL-1b in FLSs. Indirect immunofluorescence using the specific anti-NF-kB p65 antibody was performed. For fluorescence microscopy, the cells were counterstained with Hoechst 33528 for nuclear staining.
lysis and fluorescence microscopy indicated that the translocation of NF-kB from the cytoplasm into the nucleus (nuclear translocation) was indeed inhibited by ebosin in FLSs. Taken together, these results showed that ebosin inhibits NF-kB signaling pathways, which are critical for the development of RA and cancer. 18 MMPs are primary products of FLSs upon cytokine stimulation, and these molecules efficiently degrade the collagenous components of cartilage and bone, causing joint deformity and severe pain in patients with RA. In the present study, the ELISA results showed that the expression of MMP-1 and MMP-3 was suppressed by ebosin in FLSs. These results indicate that the suppression of NF-kB by ebosin might also reduce MMP production, potentially leading to protection from joint destruction in RA patients.
In response to proinflammatory cytokines, FLSs produce chemokines, which further enhance inflammation, hyperplasia, and cartilage destruction. 42 Chemokines comprise two major subfamilies, the CC and CXC subfamilies. RANTES, as a member of the CC subfamilies, has been implicated in chronic inflammatory disease. Herein, we showed that ebosin inhibited the production of chemokines, including RANTES and IL-8, constitutively produced by FLSs, and the expression of these chemokines typically precedes the onset of clinical symptoms in animal models of RA. 43 In summary, the results obtained in the present study demonstrated the inhibitory effect of ebosin on IL-1b-induced inflammatory responses in isolated FLSs. Ebosin is an effective in vitro inhibitor of the MAPK and NF-kB signaling pathways, MMPs secretion and chemokine production. Compared with guggulsterone, 7 a plant sterol, and IDR peptide, 8 ebosin has similar modulating effects on IL-1b-induced inflammatory responses in FLSs. This study provides the first evidence demonstrating that the anti-inflammatory activity of ebosin, at least in part, reflects the inhibition of these pathways. Hence, ebosin is a promising candidate for development as a novel therapeutic agent for RA. Further studies are needed to determine the clinical usefulness of this compound.
CONFLICT OF INTEREST
All authors declare no conflicts of interest. The expression levels of RANTES and IL-8 were determined through ELISA. These data are expressed as the mean 6 SD from at least three independent experiments. P , 0.001, P , 0.01 and P , 0.05 compared with the respective control (FLS incubated with IL-1b).
